Background and PurposezzSudden cardiac death is one of the leading causes of death in patients with myotonic dystrophy type 1 (DM1). It has been proposed that a prolonged QT interval is associated with sudden cardiac death in several neurological diseases, including multiple system atrophy, idiopathic Parkinson's disease, and diabetic autonomic neuropathy. However, analyses of the corrected QT (QTc) interval in DM1 patients are rare in the literature. The purposes of this study were to determine the association between the QT interval and DM1, and the affecting factors.
Introduction
Myotonic dystrophy type 1 (DM1) is an autosomal-dominant disorder characterized by muscular weakness, myotonia, cataract, alopecia, diabetes, thyroid dysfunction, cognitive impairment, and cardiac involvements. [1] [2] [3] [4] DM1 is caused by an unstable expansion of a cytosine-thymine-guanine (CTG) repeat in the dystrophia myotonica phosphokinase gene on chromosome 19q13.3, [5] [6] [7] with the CTG repeat size being correlated positively with the disease severity and inversely with the age at onset. [8] [9] [10] [11] Sudden cardiac death, resulting mainly from conduction system defects and cardiac arrhythmias, [12] [13] [14] [15] is one of the leading causes of death in patients with DM1. The relationship between a prolonged corrected QT (QTc) interval on surface electrocardiography (EKG) and sudden cardiac death has been reported in several neurological diseases, including primary autonomic failure, diabetic autonomic neuropathy, multiple system atrophy, and idiopathic Parkinson's disease. [16] [17] [18] However, analyses of the QTc interval in DM1 patients are rare in the literature. [19] [20] [21] The purposes of this study were to determine the association between QTc interval and DM1, and the affecting factors.
Methods

Patients and controls
Fifty-two patients diagnosed with DM1 between 1999 and 2003 at the Samsung Medical Center (Seoul, Korea) were in-vestigated retrospectively. All patients were diagnosed by clinical and electrophysiologic findings and confirmed by genetic evaluation confirming expanded CTG repeat size over 50 sequences on chromosome 19q13.3 by using genomic DNA extracted from leukocytes. The medical records of the 52 patients were reviewed. Clinical features including age, sex, age at onset, disease duration, and clinical manifestations were assessed. The presence of extramuscular manifestations including diabetes, thyroid disease, and cardiac arrhythmias were assessed by analyzing laboratory findings such as electrolytes, blood chemistry, thyroid function test, urine analyses, and EKG. Among the 52 patients, 8 for whom surface EKG was not conducted were excluded from the study. Five other patients were excluded because their medical records were not sufficient to assess their clinical characteristics. Therefore, 39 DM1 patients (age, 40.9±15.2 years, mean±SD; 18 males, 21 females) were enrolled. Thirty-nine normal controls (age, 41.4±13.5 years; 18 males, 21 females) were also selected to compare QTc interval with DM1 patients. The normal controls were recruited from persons who take regular check-ups; they had no history of cardiovascular diseases, neurologic disorders, endocrine disorders including diabetes mellitus and thyroid diseases, drug consumption within the previous 7 days, or psychiatric disorders. Written informed consent to participate was obtained from the controls.
Neurologic assessment
The severity of muscular weakness was scored using a muscular disability rating scale (MDRS) 22 as follows: grade 1, no clinical muscular weakness (diagnosis made by electromyography, slit-lamp examination, or DNA analysis); grade 2, minimal signs (myotonia, jaw and temporal wasting, facial weakness, sternomastoids wasting/weakness, ptosis, or nasal speech, with no distal weakness except isolated digits flexor weakness); grade 3, distal weakness (no proximal weakness except isolated triceps brachii weakness); grade 4, mild or moderate proximal weakness; and grade 5, severe proximal weakness (requiring a wheelchair even for moving short distances).
QTc interval
The QT interval was measured from the onset of the QRS complex to the end of the T wave. In the presence of U waves, the QT interval was measured to the nadir of the curve between the T and U waves. The QT interval should be corrected by the RR interval according to Bazett's formula (i.e., QTc= QT/√RR) because the QT interval is always affected by the heart rate. 23 The normal range of QTc is under 440 msec in males and under 450 msec in females. The QT and RR intervals were measured automatically using a Page Writer EKG recorder with an automated analyzer (HP, Palo Alto, CA, USA). The waveform analyzer was programmed to sample all QRS complexes. The QTc interval was also automatically calculated according to Bazett's formula using the established program in the EKG machine. If the EKG was checked more than twice, the obtained QTc intervals were averaged.
Data analysis
The intergroup differences in the QTc interval between the DM1 and control groups were compared using the independent t-test. The intragroup differences in the QTc interval relative to the sex, diabetes mellitus, abnormal EKG finding, MDRS score, age, age at onset, disease duration, and CTG repeat number in the DM1 group were also analyzed using the independent t-test, Kruskal-Wallis test, and univariate regression analysis. Multivariate regression analysis was conducted to assess the clinical factors affecting the QTc interval in DM1. A probability level of p<0.05 was considered to indicate a statistically significant difference.
Results
The data concerning age, sex, age at onset, disease duration, associated diabetes mellitus, abnormal EKG findings, CTG repeat numbers, and QTc interval of the DM1 patients are summarized in Table 1 . Seventeen patients (43.6%) exhibited ab- Ten of the 39 DM1 patients (8 females and 2 males) had an abnormally prolonged QTc interval (i.e., >440 ms in males and >450 ms in females). Seven patients had diabetes mellitus and all patients had abnormal EKG findings (sinus bradycardia in 3, left-ventricular hypertrophy in 3, first-degree AV block in 2, atrial fibrillation in 1, and complete AV block in 1). None of the normal controls exhibited an abnormal prolonged QTc interval.
The associations between the QTc interval with the clinical factors of age, sex, age at onset, disease duration, associated diabetes mellitus, abnormal EKG findings, MDRS, and CTG repeat number in patients with DM1 are summarized in Table  2 and Figs. 1 and 2 . The QTc interval was significantly longer in female DM1 patients with abnormal EKG findings than in their male counterparts. It also appeared to be longer in diabetic DM1 patients than in nondiabetic patients; however, the difference was not statistically significant. The QTc interval was positively correlated with DM1 patients who were older (p<0.05) and had a longer disease duration (p<0.05). The age at onset, MDRS, and CTG repeat number were not significantly associated with the QTc interval. Multivariate regression analysis revealed that only DM1 patients with abnormal EKG findings were associated with a prolonged QTc interval (Table 3) .
Discussion
Cardiac involvement is a frequent and significant manifestation in DM1. Conduction system defects and arrhythmias are the major abnormalities. Myocardial dysfunction, ischemic heart disease, and mitral valve prolapse are observed less frequently. 10, 11, 14, 15, 24, 25 Sudden cardiac death is also observed in several diseases that are accompanied by a prolonged QTc interval on surface EKG, such as long-QT syndrome, diabetic autonomic neuropathy, and multiple system atrophy. These diseases result in sudden cardiac death through their influence on the cardiovascular autonomic nervous system (ANS). [16] [17] [18] 26 Symptoms suggesting ANS impairment, such as respiratory impairment, syncope, 
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QTc as calculated using Bazett's formula is a safe and simple method of evaluating the cardiovascular ANS. The QT interval reflects the duration of activation and recovery of the ventricular myocardium, and is influenced by cardiovascular ANS activity. Prolongation of the recovery from electrical excitation increases the likelihood of dispersing refractory consequences. Increased transmural dispersion of repolarization (i.e., the interval from Tpeak to Tend) is associated with prolonged QTc interval and transmural reentry. Therefore, QT prolongation can lead to polymorphic ventricular tachycardia or torsade de pointes, which itself may lead to ventricular fibrillation and sudden cardiac arrest. Torsade de pointes is generally thought to be induced by reactivation of calcium channels, reactivation of a delayed sodium current, or a decreased outward potassium current that results in early afterdepolarization. 18, 26, 31, 32 Since prolongation of QTc is associated with a lowered threshold of ventricular fibrillation and ventricular arrhythmia, a prolonged QT interval is associated with increased mortality in both patients with heart disease and even healthy populations. 26, [31] [32] [33] In a recent study with 62 DM1 patients, the QT variability index was found to be increased and the heart rate variability decreased in DM1 patients, reflecting an increased myocardial repolarization lability and increased arrhythmic risk. 21 In the present study, the QTc interval was more significantly prolonged in the DM1 patient group than in the normal controls. This suggests that the higher risk of sudden car- CTG repeat number diac death in the DM1 population is associated with that QTc prolongation. Female DM1 patients who are older with a longer disease duration and abnormal EKG findings were significantly associated with prolonged QTc interval in the intragroup analysis. The prolonged QTc interval in those who are older and have a longer disease duration may be due to profound degeneration of the myocardium and cardiac ANS. Indeed, interstitial fibrosis, fatty infiltration, and myocardial hypertrophy have been observed in endomyocardial biopsy and postmortem studies of DM1 patients. 34, 35 The associated abnormal EKG findings in DM1 patients reflect myocardial involvement, which may affect the prolongation of QTc. In fact, QTc prolongation was observed only in those patients with abnormal EKG findings in the multivariate regression correlation analysis.
Several potential limitations of this study should be considered. First, a prolonged QTc interval is more prevalent in patients with cardiac disease than in the normal population, and hence the results of this study may reflect the influence of cardiac disease instead of DM1. It is unclear whether or not prolonged QTc interval in DM1 is the effect of cardiac involvement associated with DM1. Cardiac involvement in DM1 is not uncommon, and hence it is necessary to determine whether the abnormal EKG findings in DM1 are the result of DM1 or other causes. Second, surface EKG does not reflect overall cardiac and cardiovascular autonomic functions. Echocardiography, 24-hour Holter monitoring, and cardiovascular autonomic function tests must be included in future studies to determine the association between a prolonged QTc interval and cardiac or cardiovascular autonomic functions in DM1. Third, although abnormal EKG findings were significant in independent t-test and multivariate analyses, the sample was small and the p value was only borderline significant (p=0.044). Fourth, the abnormal EKG findings in DM1 were nonspecific and heterogeneous. Abnormal EKG findings are not necessarily indicative of abnormal heart function and cardiac disease.
The prolonged QTc interval did not appear to be clinically significant in the female patient group, but this may have been due to the small sample.
Other limitations of this study were its retrospective design and the small sample. The QTc interval is prone to the effects of several drugs, cardiac diseases, endocrine dysfunction, electrolytes, and physical and psychological stress. However, we were unable to correct for these factors in the analysis of the QTc interval of DM1 patients. Prospective studies with larger samples should be performed to determine the association between the apparently higher incidence of sudden cardiac death and the prolonged QTc interval in DM1 patients.
The advantages of the QTc interval for assessing the cardiovascular ANS are that it is safe, simple, cost-effective, and reproducible. Therefore, the QTc interval can form the basis of a good screening test for assessing the cardiovascular ANS in DM1 patients. In particular, DM1 patients exhibiting QTc prolongation should be recommended to undergo regular and frequent EKG screening and other cardiac evaluations in order to prevent sudden cardiac death.
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